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Numerous laboratory and clinical studies have reported that the green tea catechin extract Polyphenon E exert 
anticancer activity, but the underlying mechanism of action was elusive. We have recently shown that Polyphenon E 
exerts antineoplastic effects by antagonizing tumor-induced myeloid derived suppressor cells (MDSCs). 



The link between inflammation and can- 
cer is well established but little is known 
about the role of inflammatory cells in 
childhood malignancies. Neuroblastoma 
is a tumor of the peripheral nervous sys- 
tem that predominantly affects infants 
and children of 0-5 y of age. Whether the 
adaptive or innate immune response plays 
a role in modulating the aggressiveness of 
neuroblastoma has only been investigated 
recently. In particular, it has been shown 
that metastatic neuroblastomas diagnosed 
in patients older than 18 mo are associated 
with a higher expression of inflammation- 
related genes and a more pronounced 
tumor infiltration by macrophages than 
tumors from younger patients, who have 
a better prognosis. 1 In addition, myeloid- 
derived suppressor cell (MDSC) markers 
and activated signal transducer and acti- 
vator of transcription 3 (STAT3), both of 
which are indicative of an inflammatory 
response, were detected by immunohis- 
tochemistry in a range of pediatric solid 
tumors, including neuroblastoma. 2 Thus, 
in neuroblastoma and other pediatric 
malignancies, cells of the innate immune 
system may be attracted by developing 
neoplasms to fend off the attacks of adap- 
tive immune effectors recognizing tumor- 
associated antigens. 

We have recently investigated whether 
cells exhibiting a MDSC phenotype 
(defined as HLADR"CD1 lb + CD66b t cells) 



could be detected in the blood of neuro- 
blastoma patients. 3 MDSCs accumulate in 
cancer patients and support both the escape 
of malignant cells from immune responses 
and angiogenesis (reviewed in ref. 4). We 
detected an increase of MDSC-like cells 
in the peripheral blood of neuroblastoma 
patients as compared with healthy indi- 
viduals. Furthermore, in different synge- 
neic mouse models including TH-MYCN 
mice, we observed that the growing neuro- 
blastomas were infiltrated by GRl + CDllb* 
myeloid cells. When we co-injected neuro- 
blastoma-induced GRl*CDllb* myeloid 
cells with neuroblastoma cells into immu- 
nocompetent mice, tumor growth was 
greatly increased, formally demonstrating 
that MDSCs exert pro-tumorigenic effects 
in this context. In a parallel investiga- 
tion, the Carlson's laboratory reported an 
increase in pro-inflammatory cytokines as 
well as an accumulation of GRl + CDllb* 
myeloid cells in TH-MYCN mice develop- 
ing neuroblastomas. 5 

The green tea catechin epigallocate- 
chin-3-gallate (EGCG) is known to have 
anti-oxidant and anti-inflammatory prop- 
erties (reviewed in ref. 6). Thus, EGCG 
inhibits the expression of cyclooxygenase 
2 (COX2) and monocyte migration, limits 
neutrophil responses to inflammatory stim- 
uli and impairs the interaction of several 
chemokines with their receptors. We there- 
fore wondered whether catechins could 



antagonize the tumor-induced inflamma- 
tory environment in neuroblastoma. 

Polyphenon E is a clinical grade cat- 
echin mixture containing about 50% 
EGCG that is currently under investi- 
gation in multiple cancer trials run by 
the National Cancer Institute. When 
we injected human neuroblastoma cells 
into immunodeficient NOD/SCID mice 
drinking Polyphenon E, tumor growth 
was not impaired, in spite of the fact 
that neuroblastoma cells were killed by 
Polyphenon E in vitro. In stark contrast, 
immunocompetent A/J mice drinking 
Polyphenon E failed to develop tumors 
upon the inoculation of neuroblastoma 
cells. Thus, the antitumor activity of 
green tea catechins appears to require an 
operational immune system. When we 
investigated the mechanism of action of 
Polyphenon E, we found it to affect the 
tumor microenvironment and to pro- 
mote the differentiation of MDSCs into 
more mature neutrophil-like cells. Such 
"mature" neutrophils exhibit hyperseg- 
mented nuclei and are unable to inhibit 
the release of interferon 7 from CD3* 
splenocytes in vitro. Using blocking anti- 
bodies, we demonstrated that the differen- 
tiating effect of Polyphenon E is mediated 
by the 67 kDa laminin receptor and the 
granulocyte colony-stimulating factor 
(G-CSF) (Fig. 1). Importantly, myeloid 
cells are not only matured in the presence 
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Figure 1. Immunomodulatory effects of Polyphenon E. Polyphenon E (PE) interacts with the 67 kD 
laminin receptor and induces the release of granulocyte colony-stimulating factor (G-CSF). G-CSF 
promotes the molecular and phenotypic maturation of myeloid derived suppressor cells (MDSCs) and 
limits their migratory capacity, hence significantly hampering their immunosuppressive functions. 



of Polyphenon E to but also exhibited an 
impaired chemotactic response in tran- 
swell experiments. In agreement with the 
hypothesis that the catechins hamper the 
migration of myeloid cells to the tumor 
site, less MDSCs infiltrated the neuro- 
blastomas of mice drinking Polyphenon 
E than those growing in control mice. 
Using an immunodepletion approach, we 
determined that MDSCs interfere with 
the antitumor activity of CD8* T cells. 
Interestingly, Kang et al. have previ- 
ously reported that EGCG enhances 
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tumor growth in A/J mice co-injected 
with neuroblastoma cells and Polyphenon 
E-pretreated MDSCs. These findings per- 
haps indicate that MDSCs fail to induce 
CD4 + Tregs when they have been exposed 
to Polyphenon E. 

A recent clinical trial has demonstrated 
a substantial clinical effect for the GD2 
ganglioside-targeting antibody chl4.18 in 
neuroblastoma patients. 9 Vaccination with 
GD2 mimotope-coding plasmids or neu- 
roblastoma cells genetically engineered to 
express various cytokines has also shown 
promise in mouse models. 8,10 These and 
other studies demonstrate that cellular 
immunity and immunosuppressive cells 
are crucial determinants of the clinical 
efficacy of immunotherapy. Myeloid cells 
hamper the function of T as well as of 
natural killer (NK) cells, which are con- 
sidered as essential for the clinical effects 
of chl4.18. Furthermore, it is well known 
that tumor-induced Tregs blunt the NK 
and CD4VCD8* T-cell immune response 
triggered by various forms of vaccination. 8 
Potentially, Polyphenon E could ben- 
efit cancer patients by antagonizing cells 
that interfere with antitumor immune 
responses elicited by immunotherapy. 
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